Introduction
Acute otitis media (AOM), one of the most common infections in children aged <5 years [1, 2] , is characterised by the presence of middle-ear effusion together with symptoms including ear discharge (otorrhoea), fever, irritability, and earache (otalgia) [2] .
Approximately 80% of children are affected by AOM during their first 5 years of life [3] . The cumulative worldwide AOM incidence rate is 10.85%, that is, 709 million cases per year; out of which, 51% occur in children aged <5 years [1] . Estimates from 2005 suggest that the incidence rates of AOM in South Asia and North Africa (Middle East regions) were 14.52% and 8.67%, respectively [1] . The disease burden is greatest between 6 months and 18 months of age and, if left untreated, may lead to permanent hearing loss [4] . Furthermore, recurrent AOM episodes may lead to chronic forms, such as chronic suppurative otitis media, potentially resulting in severe complications, such as intracranial infection, hearing impairment/ loss, and facial paralysis [2, 5] .
Bacteria and viruses are responsible for 35-55% and 20-30% of AOM cases, respectively [6] , and the infection is one of the main reasons for primary care physician (PCP) consultations and antibiotic prescriptions [7] . Indeed, extensive antibiotic use has led to a significant increase in the prevalence of resistant AOM-causing pathogens [8] .
AOM has a high economic burden in terms of direct and indirect cost [9, 10] , but pneumococcal vaccination of children can potentially reduce both the burden of AOM and its associated cost [11, 12] . In 2007, the World Health Organization recommended the inclusion of pneumococcal vaccination in national immunization programmes (NIPs) [13] . Pneumococcal conjugate vaccines (PCVs) were subsequently introduced into the NIP of Oman (PCV-7; 2008) [14] , Saudi Arabia (PCV-7; 2009) [15] , Turkey (PCV-7; 2008) [16] , and Pakistan (PHiD-CV; 2012) [17] . At the time of this study, PHiD-CV and PCV-13 were available in Pakistan [18] ; PCV-13 was used in Oman [19] , Saudi Arabia [20] , and Turkey [21] . The vaccination coverage rates during the study period ranged from 99% in Oman, 98% in Saudi Arabia, 97% in Turkey, to 66% in Pakistan [22] .
Epidemiological data on the incidence and cost of illness of AOM episodes are important for policy makers to understand both the public health burden and the potential economic impact of the disease. This study was undertaken to estimate the incidence of AOM episodes per person-years (PY) in Children aged 5 years in these three Middle Eastern countries and Pakistan, as well as the economic burden from a parent/caregiver perspective.
Materials and methods

Study design and participants
A large multinational, retrospective, observational study (Clinical Study Identifier: BEP115672) was conducted at two centres in Saudi Arabia (December 2012-July 2013), six centres in Oman (October 2012-December 2013), three centres in Pakistan (December 2012-December 2013), and two centres in Turkey (March-August 2013). The participating centres were primary care centres with physicians specialised in paediatrics. They were selected because they had an available ear-nose-throat (ENT) specialist, to identify how diagnosis is made by country and to assess differences between cases diagnosed by a PCP or ENT specialist. Target enrolment was 1000 children per country. In Saudi Arabia a simple randomisation scheme was followed to recruit patients [i.e., all eligible patients' files were allotted a serial number and stratified by age group (0-2 years and 3-5 years), and those with an odd number file were invited to participate]. In Pakistan, after screening the files, parents/guardians of eligible children were randomly called, although no randomisation scheme was used, and those who met the inclusion criteria and agreed to participate were enrolled. In Turkey and Oman, recruitment was based on convenience sampling, that is, all age-eligible children were included until the target number was reached.
The inclusion of potentially eligible participants was based on their age and the availability of their medical records for the 12 months before enrolment. Male or female children aged 0-5 years at the time of enrolment, registered in medical practices become ineligible at their sixth birthday. Children under the protection of an organisation or foster parents, or living in a care home, were excluded from the study.
Data collection
Parents/caregivers were invited to participate either during a medical consultation or by telephone. Data were collected from medical records for the 12-month period prior to enrolment, thus ensuring coverage of all seasons. For patients aged <12 months, data were collected from their first month onwards.
The medical histories of the children were retrospectively collected from their medical records. Demographic (e.g., birth date, height, weight, gender, and birth weight) and AOM visit information [medical history, diagnostic procedures (e.g., tympanocentesis, adenoidectomy, and transtympanic aerator tube insertion), AOM treatment (e.g., antibiotics, anti-inflammatories, antihistamines, corticosteroids, and cough medications), treatment failures, recurrent AOM, associated signs and symptoms, vaccination status, and hospitalisation] were recorded. In addition, parents/caregivers were asked to complete a Health Economics Questionnaire (HEQ) with information relating to the direct and indirect cost associated with an AOM episode and the assessed cost was converted from the local currency to US dollars (USD). The variables included out-of pocket expenses: direct medical cost components (e.g., copayment related to treatment, procedures); direct nonmedical cost components (e.g., transportation fees or extraordinary babysitting fees); and indirect cost components (e.g., productivity loss of caregiver due to missing work). The cost of private transport was not captured due to a lack of unit cost data. Details on other visits, procedures, and medications for previous episodes in the 12 months before enrolment were also collected. The medical insurance status of the parent/caregiver and the child's missed attendance of school/day care were confirmed.
Case definitions
The level of certainty regarding the diagnosis was differentiated; according to whether a PCP or ENT specialist made the diagnosis and how it was made. A clinically suspected AOM (S-AOM) episode was defined as a PCP-diagnosed episode, with or without the visual appearance of the tympanic membrane [i.e. redness, bulging, loss of light reflex, the presence of acute middle-ear effusion (as shown by otoscopy or tympanometry)], and the presence of !2 of the following: ear pain, ear discharge, hearing loss, lethargy, irritability, anorexia, vomiting, diarrhoea, fever [temperature !38.0°C (axillary); !38.5°C (rectal)] or analgesic/antipyretic therapy preceding fever.
A clinically confirmed AOM (C-AOM) episode was defined as an ENT specialist-diagnosed episode.
A recurrent AOM (R-AOM) episode was defined as the occurrence of !3 new AOM episodes within 6 months, or !4 new AOM episodes within 1 year, as confirmed by an ENT specialist, regardless of the aetiology. AOM treatment failure was defined as no improvement in symptoms after 48-72 h of antibiotic therapy.
Statistical analysis
Analyses were performed on all recruited children who complied with the protocol-defined procedures. Descriptive statistics were used to summarise demographic characteristics by country and centre. The data sets from each country were analysed independently and missing data were excluded from the descriptive analysis.
The sample size estimation was based on a multinational European study that reported an overall incidence of 268 AOM episodes per 1000 PY and incidence rates of 299 per 1000 PY and 212 per 1000 PY in children aged 0-2 years and 3-5 years, respectively [23] . The sample size was estimated for a range of precision levels. For a proportion of $28%, with a precision of 4.5%, $400 enrolees were required for the 0-2-year age group per country. For a proportion of $26%, with a precision of 3.5%, $600 enrolees were required for the 3-5-year age group per country. Overall, 1000 children were required in each country. The overall incidence of AOM episodes was calculated according to the different levels of diagnostic certainty (S-AOM and C-AOM) by age (0-2 years and 3-5 years) and pneumococcal vaccination status.
The formula used to calculate the incidence of AOM episodes was:
where n was the number of enrolled children in the study group or in the subgroup (e.g., age group); e Lx i was the number of AOM episodes with a level x (level of diagnostic certainty) exclusively for the child i, and d i was the number of days of the surveillance period for child i. The exact Poisson confidence limit method was used to calculate 95% confidence intervals (CIs) [24] . These were calculated for incidence, recurrent episodes, treatment failures, clinical management, and health economic factors.
All statistical analyses were performed using the Statistical Analysis Systems (SAS-version 9.2) Drug and Development (SDD) web portal version 3.5 and Microsoft Excel 2007.
Ethics
This study was conducted in accordance with the principles of Good Clinical Practice, the Declaration of Helsinki, and all applicable regulatory requirements. Parents/caregivers provided written informed consent before their children were enrolled. Ethics committee approvals were obtained from all centres that participated in this study.
Results
Enrolment began in October 2012 (Oman), December 2012 (Pakistan and Saudi Arabia), and March 2013 (Turkey) and it took between 5 months (Turkey) and 15 months (Oman) to enrol all patients. Therefore, there was a period of 17 months with overlapping data from all four countries (March 2012 to August 2013).
Baseline characteristics
A total of 4043 children (Saudi Arabia = 1023; Oman = 998; Pakistan = 1022; Turkey = 1000) were enrolled, with a mean age of 2.6 years [standard deviation (SD): 1.7] in Saudi Arabia; 2.7 years (SD: 1.6) in both Oman and Pakistan; and 1.9 years (SD: 1.8) in Turkey. Over 50% of children (range: 52.9-57.7%) were male. Fiftyeight children were excluded from the final analysis ( Fig. 1 
ATP cohort
Children whose parents completed HEQ and 504 (63.2%; Turkey) had received four PCV doses. Vaccination status was unknown for 250 children; predominantly among those aged 3-5 years in Saudi Arabia and Turkey (Table 1) .
Incidence of AOM episodes and clinical management of AOM by country
Saudi Arabia
The overall incidence of AOM episodes was 207 (95% CI: 178-238) per 1000 PY, comprising 175 suspected (95% CI: 149-205) and 31 confirmed (95% CI: 21-45) episodes per 1000 PY. The incidence was 309 (95% CI: 256-370) per 1000 PY in children aged 0-2 years and 135 (95% CI: 106-169) per 1000 PY in those aged 3-5 years (Fig. 2) .
The incidence of AOM episodes (suspected and confirmed) was 267 (95% CI: 228-310) per 1000 PY in vaccinated and 71 (95% CI: 40-118) per 1000 PY in unvaccinated children ( Table 2 ). The incidence in 0-2-year and 3-5-year age groups was higher among vaccinated compared to unvaccinated children ( Fig. 3) .
Antibiotics were prescribed for 181 of the 191 AOM episodes (94.8%); other nonantibiotic treatments were prescribed in 140 episodes (73.3%). Procedures such as tympanocentesis, adenectomy, and transtympanic aerator tube insertion were performed in 3.7% episodes [1 (0.6%) suspected; 6 (20.7%) confirmed]. - 
Oman
The overall incidence of AOM episodes was 104 (95% CI: 85-127) per 1000 PY, comprising 56 suspected (95% CI: 42-74) and 48 confirmed (95% CI: 35-64) episodes per 1000 PY. The incidence was 122 (95% CI: 90-161) per 1000 PY in children aged 0-2 years and 92 (95% CI: 69-121) per 1000 PY in those aged 3-5 years (Fig. 2) .
The incidence of AOM was 104 (95% CI: 83-129) per 1000 PY in vaccinated and 97 (95% CI: 51-165) per 1000 PY in unvaccinated children ( Table 2 ). The incidence of episodes was higher in unvaccinated as compared to vaccinated children in the 0-2-year age group, but the incidences were similar in vaccinated and unvaccinated children aged 3-5 years ( Fig. 3) .
Of the 100 AOM episodes, antibiotics were prescribed for 82 (82%) and other nonantibiotic treatments for 96 (96%). Other procedures were performed for only one episode.
Pakistan
The overall incidence of AOM episodes was 138 (95% CI: 116-164) per 1000 PY, comprising 133 suspected (95% CI: 111-158) and five confirmed (95% CI: 2-12) episodes per 1000 PY. The incidence was 173 (95% CI: 133-220) per 1000 PY in children aged 0-2 years and 117 (95% CI: 91-148) per 1000 PY in those aged 3-5 years (Fig. 2) .
The incidence of AOM episodes was 174 (95% CI: 135-220) per 1000 PY in vaccinated and 107 (95% CI: 81-138) per 1000 PY in unvaccinated children ( Table 2 ). The incidence of AOM episodes in 0-2-year and 3-5-year age groups was higher among vaccinated compared to unvaccinated children ( Fig. 3) .
Of the 134 AOM episodes, antibiotics were prescribed for 117 (87.3%) and nonantibiotic treatments for 118 (88.1%) episodes. Other procedures were performed in 4.5% episodes [3.9% (n = 5) suspected; 20% (n = 1) confirmed].
Turkey
The overall incidence of AOM was 99 suspected episodes (95% CI: 79-123) per 1000 PY; there were no confirmed episodes. The incidence was 93 (95% CI: 68-125) per 1000 PY in children aged 0-2 years and 107 (95% CI: 76-147) per 1000 PY in those aged 3-5 years (Fig. 2) .
The incidence of AOM episodes was 95 (95% CI: 73-122) per 1000 PY in vaccinated and 45 (95% CI: 5-162) per 1000 PY in unvaccinated children (Table 2 ). In the 0-2-year age group the incidence was higher among vaccinated children compared to unvaccinated children (Fig. 3 ). There were no episodes of AOM among unvaccinated children in the 3-5-year age group.
Antibiotics were prescribed in three of the 82 AOM episodes (3.7%; all suspected). No clinical procedures were performed. 
Signs, symptoms, and complications of AOM
Proportion of recurrent episodes and treatment failures
Recurrent episodes required confirmation by an ENT specialist in this study. No recurrent episodes were reported among C-AOM cases in Saudi Arabia, Oman, and Turkey, but 1% (95% CI: 0.0-5.5) of Pakistani children had R-AOM episodes. Therefore among C-AOM cases, 20% [1/5 [95% CI: 1-81)] were recurrent in Pakistan.
The overall proportion of AOM treatment failures reported in the four countries ranged between 4.5% and 8.5% (Table 3) .
Economic impact of AOM (based on HEQs)
HEQs were completed by the parents of the 450 children with a history of AOM in the four countries ( Table 4 ). The number of AOM episodes that led to visits to any healthcare professional, other than the study doctors, varied between countries [Saudi Arabia: 6.5% (12/185); Oman: 6% (5/84); Pakistan: 7.1% (7/99); Turkey: 25.6% (21/82)]. Medications taken for AOM episodes unrecorded in the medical charts were fewer in Saudi Arabia [5.4% (10/185)], Oman [1.2% (1/84)], and Pakistan [3% (3/99)] than in Turkey [41.5% (34/82)]. Procedures unrecorded in the medical charts were performed in 1.1% episodes (n = 2) in Saudi Arabia, 3% (n = 3) in Pakistan, 1.2% (n = 1) in Turkey, and none in Oman.
Day care or school absences corresponded to 4.9% AOM episodes (median 5 days missed) in Saudi Arabia, 7.1% (median 1.5 days missed) in Oman, and 20.2% (median 2 days missed) in Pakistan. In Turkey, no children missed day care/school due to AOM episodes. The parent/caregiver missed work for 14.1% of the episodes (median 16 h missed) in Saudi Arabia; 28.6% (median 3 h missed) in Oman; 2% (median 10 h missed) in Pakistan; and 3.7% (median 120 h missed) in Turkey. Table 4 illustrates the medical insurance status of the enrolled children. A total of 44% of the parents/caregivers incurred out-of-pocket expenses. The mean cost of the total expenses per episode varied between countries: USD67.1 (SD: 93.0) in Saudi Arabia; USD16.1 (SD: 16.4) in Oman; USD22.1 (SD: 20.5) in Pakistan; and USD33.6 (SD: 44.9) in Turkey. 
Discussion
The results of this multinational analysis showed a variable incidence of suspected and confirmed AOM episodes in children aged 0-5 years in three Middle Eastern countries and Pakistan. The incidence was the lowest in Turkey, 99 (95% CI: 79-123) per 1000 PY, and highest in Saudi Arabia, 207 (95% CI: 178-238) per 1000 PY. These incidences were comparable to other countries (range: 150-256 per 1000 PY) [1, 23, 25 ]. These regional differences may be attributable to region-specific seasonal variability, but also due to other factors like characteristics of NIP, standard of care, and otitis media case ascertainment.
Apart from Oman, the incidence of C-AOM episodes was lower than that of S-AOM episodes. This might be explained by the low referral to ENT specialists and illustrates the differences in case ascertainment.
Except for Turkey, AOM disease burden was higher in children aged 0-2 years than 3-5 years in the studied countries; in agreement with the incidence rates reported in Europe [23] .
In all countries, the overall incidence of AOM was higher in vaccinated children compared to unvaccinated children (Fig. 3) . These findings were not statistically significant due to small sample sizes for unvaccinated children (i.e., unvaccinated versus vaccinated children were 14 vs. 166 in Saudi Arabia, 11 vs. 71 in Oman, and, 2 vs. 64 in Turkey), and due to overlapping confidence intervals (except for Saudi Arabia). Therefore, their clinical significance should be treated with caution. In Pakistan, there was a comparable sample size for vaccinated (n = 44) and unvaccinated (n = 51) children, and no significant difference was found between these groups regarding incidence of AOM. Other than statistical considerations, the differences could be explained by several factors including case ascertainment, lack of aetiological information, ascertainment of vaccination status from parent recall, the fact that not all serotypes are covered by the available vaccines, or by the lower relative vaccine uptake in the older age group, which is associated with naturally declining AOM incidence. Further analysis of AOM incidence by vaccination status and age group confirmed this difference in all countries except for Oman, where the incidence of AOM in vaccinated 0-2-year-old children was lower than in the unvaccinated children of the same age (Fig. 3) . Among the differences observed in Oman were the lower proportion of unvaccinated children in the 0-2-year-old group, and higher proportion of C-AOM cases, which might be indicative of higher ENT referral rate. Indeed, the percentage of vaccinated children in the 0-2year and 3-5-year age groups was highest in Oman (98.8% and 73.9%, respectively) and lowest in Pakistan (48.9% and 37.2%, respectively).
Regarding the clinical symptoms, we found fever [50.3%; (255/507)] and ear pain [46.4%; (235/507)] to be the most common symptoms across all four countries, in consonance with the European countries, where ear pain is one of the most common symptoms of AOM [48.4% (666/1376)] [23] .
Antibiotics were used to treat AOM in all countries. However, in Turkey antibiotics were prescribed much less frequently (3.7% episodes) than in the other countries (range: 82.0-94.8%). Interestingly, the percentages of treatment failures were low, but similar across the four countries (4.5-8.5%). Despite guidelines recommending their reduction [26] , antibiotics remain widely prescribed for the clinical management of AOM in many countries [2] . With antibiotic resistance becoming an increasing public health concern, alternative approaches, such as 'watch-and-wait' in Canada, or prevention through vaccination, should be considered [27, 28] .
Apart from Pakistani children, most of the enrolled children had medical insurance, or were covered by state-owned healthcare provision; the direct costs incurred by parents/caregivers were therefore mostly covered. Indirect costs relating to taking time off work to provide care while a child is absent from school or day care, varied in the four countries, due predominantly to cultural differences.
The strengths of this study were the diversity of the population, the large sample size, and the use of a standardised methodology to evaluate the public health burden of AOM, and to generate both epidemiological and health economic evidence for these four countries.
The low number of C-AOM cases was one of the study limitations, as referrals to ENT specialists rarely occurred in most countries. In addition, the definition of recurrent cases in this study required confirmation by an ENT specialist, however, given the lower number of ENT-referred cases, the estimate of recurrent cases may have been underestimated. Furthermore, a retrospective review of medical charts for identifying study participants may have potentially underestimated the incidence, as some children may not have visited their medical practice. Additionally, since the inconsistent strategy for recruitment of patients carried the risk of selection bias, the true magnitude of the estimated AOM incidence cannot be assessed in our study. Finally, it was also not possible to estimate the potential impact of vaccination on AOM incidence due to the low number of unvaccinated children in this study. Regarding the economic burden, only costs from the parent perspective were estimated. As parents completed a HEQ for every AOM episode experienced by their child over the past 12 months, the details collected could be influenced by the individuals' ability for recall. The lessons learnt during the present study might facilitate the design of future studies in individual countries. For instance, a prospective study would eliminate reliance on recall, a standardised case definition to accurately diagnose AOM would allow better comparisons across countries, and, consistently applying an appropriate randomisation scheme and collecting data on variables that could represent sources of bias is likely to shed light on the true burden of AOM in these countries. Further studies exploring public financing of AOM treatment (type and extent of financial coverage, and unit cost/reimbursement of healthcare resources) are, however, needed to determine the economic burden of AOM from the public payer perspective. Additional indirect cost components, including productivity loss and private transportation, will help to estimate the economic burden of AOM from a societal perspective.
Conclusion
This study is believed to be the first to assess the public health burden of AOM in three Middle Eastern countries and Pakistan using a standardised methodology, and highlights the need for cost-effective prevention strategies.
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